Observations Concerning the Influence of Micrococci Upon Monosporium Apiospermum11From the Mycological Laboratory of the Department of Dermatology (Head, Prof. Dr. W. H. Siemens), Leyden University Hospital, Leyden, Holland.  by Cormane, R.H. et al.
OBSERVATIONS CONCERNING THE INFLUENCE OF MICROCOCCI
UPON MONOSPORIUM APIOSPERMUM*
R. H. CORMANE, M.D., R. PLANKENSTEINER, M.B. AND M. L. HOLLAND, B.S.
In view of the type of interactions known to
occur between bacteria and fungi, it seemed rea-
sonable to assume that some sort of mutual in-
fluence might also be present among microorgan-
isms which establish themselves on the human
skin. In the present investigation an attempt was
made to reveal the existence, and possible mech-
anism, of an inhibitory action exerted by certain
bacteria on the growth of a fungus.
With the advent of antibiotic therapy, certain
complications have appeared which find their
origin in a disturbance of the state of equilibrium
of the various microorganisms in the body. Thus
the suppression of bacterial growth is accom-
panied by abundant growth of fungi or yeast.
These phenomena have been amply discussed in
the past and a well-documented review by Grim-
mer (2) has appeared in "Antibiotica et Chemo-
therapia", vol. 1.
An interesting observation bearing on this
problem was made by Wiedling (1945) in experi-
ments with the cultivation of Penicillium not atum.
When nutrient media instead of being sterilized
immediately after preparation was left at room
temperature for some time previous to steriliza-
tion, the rate of growth of the fungus and also
the production of penicillin decreased. Apparently
some species of the microorganism which had
developed before the medium was autoclaved had
produced heat-stable substances with fungistatic
activity. In later experiments Wiedling (1) found,
that some strains of Escherichia coil possessed
this ability to a marked degree.
The present investigation is concerned with the
nature of the inhibitory influence of bacteria
(coagulase-positive Micrococcus pyo genes var.
aureus haem. and coagulase-negative Micrococcus
pyogenes var. albus anhaem.) upon one strain of
the fungus Monosporium apiospermum. Monospo-
rium apiospermum was chosen because of its rapid
growth on relatively simple media. Experimental
data will be presented on in vitro studies in which
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microorganisms were used which had been ob-
tained from patients.
METHODS
Bacterial suspensions in saline were added to
10 ml. of melted 1 % glucose agar at 50°C. and
poured into sterile Petri dishes. After solidifica-
tion of the agar mycelial fragments of Mono-
sporium measuring approximately one mm. in
diameter, were taken from a Sabouraud cultured
colony and inoculated in the centre of the plate.
The plates thus prepared were incubated at 25°C.
and studied for a number of days.
PRELIMINARY EXPERIMENTS
It was necessary first to obtain data of the
normal growth curve of uninhibited cultures of
Monosporium apiospermum. Also the effect of
penicillin on such cultures had to be tested since
it was planned to use penicillin as the antibiotic
agent against the bacteria in subsequent experi-
ments.
Average normal growth curve: The surface
growth of ten Monosporium cultures was studied.
On each occasion the measurements were taken
of two diameters, at right angles. These usually
differed by 2—3 mm. Fig. 1 shows the average
curve composed by plotting the arithmetic means,
and two lines indicating the extreme values of
individual diameters from all cultures obtained
on each day. The average growth curve is given
for comparison in all subsequent graphs.
Influence of penicillin: When penicillin was
added to the cultures in concentrations of 10, 15
and 100 U per ml., the growth of the fungus re-
mained unaltered. Growth curves obtained from
these tests remained within the range recorded
for normal cultures.
INHIBITION BY BACTERIA
Suspensions of micrococci were added in vari-
ous concentrations to the liquid glucose agar at
50°C. The growth of monosporium inoculated on
such plates was markedly retarded and retarda-
tion was correlated with the bacterial concentra-
tion. This effect was studied in more detail by
76 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
using various dilutions whereby the number of
micrococci present in each suspension was deter-
mined by plating appropriate dilutions. Stock
suspensions of 3.108 living cells per ml. of 1%
glucose broth were used both for Micrococcus
pyogenes var. aureus and for non-hemolytic Mi-
crococcus pyo genes var. albus. Dilutions of 10%
and 1 % of the stock suspensions were prepared
with 0.9% NaCl; 1 ml. of each dilution was added
to 10 ml. glucose agar and the mixture poured
into a Petri dish. For both strains of micrococci
the sensitivity to penicillin was determined and
the following figures for complete inhibition were
obtained: !llicrococcus pyogenes var. albus 0.1 U
per ml., Micrococcus pyo genes var. aureus 1.5 U
per ml. (penicillinase producing!). In a second
series of experiments penicillin was added in such
an amount that half the minimal effective con-
centration was obtained in the medium. Three
plates were made for each concentration studied
and, after inoculation with Monosporium apio-
spermum incubated at 25°C. the results of this
experiment are shown in figures 2 and 3. The
growth curve of monosporium incubated with
penicillin closely resembles the average normal
growth curve, in contrast to those cultures where
no penicillin had been added. In such plates with
free bacterial growth, nearly normal growth of
the fungus was recorded only in the presence of
a very low bacterial concentration. The inhibitory
effect on the fungus is especially marked during
the first two or three days; whereas over the sub-
sequent period the growth curves had a more or
less normal slope. The graphs do not show differ-
FIG. 2. Photographs of monosporium cultured for 6 days on glucose agar in the presence of non-
haemolytic micrococci at concentration of 3.10 (a), 3.106 (b), and 3.10 (c) per ml. Penicillin (0.05 U
per ml.) suppresses the inhibitory action of a high concentration of micrococci (3.107 per ml), see (d.)
FIG. 3. Photographs of monosporium cultured for 8 days on glucose agar, in the presence of hemolytic
micrococci at concentrations of 3.10 (a), 3.106 (b), 3.10 (c) per ml. Penicillin (1,5 U per ml.) suppresses
the inhibitory action of high concentration of micrococci (3.107 per ml), see d.
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Fin. 1. Average growth curve of monosporium
cultures. Thick line represents average growth
curve. Thin line connects extreme figures of suc-
cessive days.
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Fro. 4. Photographs of monosporium mycelia cultured in the presence of Micrococcus pyogenes var.
albus (a) and Micrococcus pyogenes var. aureus (b). Note difference in the diameter of the mycelia and
in the number of spores. (wet-cotton-blue preparation 270 X).
ences between the effects of the hemolytic and
the non-hemolytic micrococci. Macroscopic and
microscopic differences were found, however, in
as much as the monosporium cultured with hemo-
lytic micrococci grew thinner mycelia bearing
more spores than did mycelia obtained from cul-
tures with non-hemolytic micrococci (fig. 3 and
fig. 4).
CAUSE OF INHIBITION
Having clearly established an inhibitory influ-
ence of micrococci upon monosporia, we wished
to investigate the problem of the nature of this
inhibition. In in vitro experiments the solving of
this problem would seem to be opposed by fewer
difficulties than in a clinical study. The following
possible mechanisms were considered: 1. Effect
of bacterial toxins; 2. Effect of the composition
of the medium.
Effect of Bacterial Toxins
Since micrococci are known to produce toxic
substances, among their metabolic products, it
seemed possible that these might be responsible
for the reduced growth rate of monosporium.
When monosporium was inoculated in culture
filtrate from the micrococci, the growth on this
liquid medium appeared to be less compared with
the growth in 1% glucose-bouillon. In mixtures
of 1% glucose-bouillon and culture filtrate, the
growth of the fungi was better with decreased
concentration of the filtrate.
An exact estimation of growth was, as a matter
of fact, not possible by this experiment, because
the filtrate has a lowered pH (±pH 5) and a
lowered glucose concentration. Consequently, no
conclusion as to the mechanism of the inhibition
may be drawn. Previous experiments with Can-
dida albicans and different bacterial strains have
shown that, in a medium poor in carbohydrates,
inhibition of the growth of Candida albicans is to
be attributed to the blocking of metabolic prod-
ucts of these bacteria. At a higher concentration
of the carbohydrates a better growth of Candida
albicans in the presence of bacteria would be made
possible in spite of the blocking of this sensitive
system, on account of the fact that the utiliza-
tion of glucose by this system is being made sub-
servient to some other less sensitive system of
fermentative decomposition which is only in-
hibited at higher concentrations of the bacterial
metabolic products. (Cormane (3), Diss. 1958)
To obtain a possible toxic product, suspensions
of Micrococcus pyo genes var. albus (concentration
of 8—106/ml.) in 1% glucose broth were prepared.
These were incubated for 24 hours at a tempera-
ry
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ture of 37°C. After 24 hours these suspensions
were filtered* under sterile conditions, yielding
clear solutions which were checked for sterility
by inoculation on a blood agar medium. One, two
or three ml. of these filtrates were mixed with 10
ml. glucose agar and poured into Petri dishes.
The plates were prepared in duplicate and were
inoculated with monosporium mycelia. The
growth curves of all these monosporium cultures
were again similar to the average normal growth
curve, i.e., there was no inhibition. It would seem,
therefore, that with the concentrations used,
"culture filtrate" of the micrococci cannot be
implicated to explain the inhibitory influence of
these cocci upon the growth of monosporium.
This view is supported by the following experi-
ment: when live cocci were mixed with mono-
sporium spores in liquid glucose agar at 50°C.,
growth of spores was inhibited (see above). When
however, filtrate was added instead of cocci nor-
mal growth of monosporium occurred.
Effect of the Composition of the Medium
This was tested in the following experiments.
Suspensions of monosporium spores were mixed
with 1 % glucose agar at 50°C. The spores were
obtained from a culture of the fungus by means
of a platinum loop and suspended in 1 % glucose
broth.
a. One plate was cultured directly at 25°C. to
show the growth of spores in cultures under nor-
mal conditions.
b. In two plates the medium contained apart
from monosporium spores also highly concen-
trated suspensions of Micrococcus pyo genes var.
albus or aureus in 0.9% NaCl. In these cases
growth of the spores was completely inhibited
and colonies of micrococci appeared.
c. Again another plate of 1 % glucose agar with
monosporium spores was used on which micro-
coccus suspensions were inoculated diagonally
across the plate with a platinum loop, so that the
inoculation bands enclosed a diamond-shaped
area. In this instance, it was found that the
growth of the spores was not only inhibited in
places where bacterial colonies appeared, but also
in a clear zone alongside the bands of bacterial
growth (fig. 5).
The fact that the zone of growth inhibition ob-
served in glucose agar cultures does not occur
when cultures are made on Brain-Heart-Infusion
* Glassfilter.
FIG. 5. Photograph of monosporium cultured
in glucose agar for 3 days with Micrococcus pyo-
genes var. albus inoculated in bands. Note the
clear zone along the inoculation bands, where
growth of monosporium was inhibited.
agar (Difco Laboratories, Detroit) indicates the
importance of the composition of the medium and
seems to point to such a nutritional mechanism.
The growth of Monosporium apiospermum upon
Brain-Heart-Infusion agar (B .H.I. agar) under
conditions similar to those employed with glucose
agar cultures appeared to be significantly slower.
When a suspension of micrococci was inocu-
lated upon B.H.I. agar in the manner previously
described for glucose agar, inhibition of mono-
sporium growth is again noted, and the inhibition
of monosporium growth is again seen to depend
upon the concentration of the bacterial suspen-
sion. In this experiment a stock suspension of
3.108 per ml. (Micrococcus pyogenes var. aureus
hem.) was used and dilutions were made with 1
ml. stock suspension diluted 10 or 100 times and
mixed with the liquid B.H.I. agar at 50°C. Three
plates were prepared at each concentration and
after solidifying, monosporium was inoculated.
Fig. 6 shows the growth curves obtained in this
experiment.
As the glucose percentage in Bill. agar is
only 0.2%, the possibility exists that the men-
tioned bacteria were not solely responsible for the
inhibition of the monosporium. Therefore the
experiments were repeated with glucose bouillon
agar to which glucose was added to an end con-
centration of 0.5%, 1%, 1.5% and 2 mg% re-
spectively.
The results which are recorded in table 1, show
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Fin. 6. Growth curves of monosporium, cultured on Brain-Heart-Infusion-Agar, with the presence of
Micrococcus pyogenes var. aureus at concentration of 3.108 (a), 3.10 (b) and 3.106 (c) per ml. Thick line
indicates average normal growth curve of monosporium on this medium. With a high concentration of
micrococcus the growth of monosporium was inhibited.
a connection between the glucose percentage of
the bouillon and agar medium with glucose added
and the observed inhibition effect, occurring only
at a 0.75 %—1.5% glucose concentration.
When the same experiment was carried out
with B.H.I. agar with glucose added, the inhibi-
tion zone was not seen. This suggests that the
presence of brain-heart extract interfered with
the inhibition mechanism.
If peptone to a concentration of 1 % was added
to the bouillon agar, an inhibition was not seen at
1 % glucose concentration in the case of Micrococ-
cus pyo genes var. aureus but only a slight inhibi-
tion in the case of Micrococcus pyo genes var. albus.
At 1.5% glucose concentration there was a slight
inhibition in the case of Micrococcus pyo genes var.
aureus and none in the case of Micrococcus pyo-
genes var. albus.
These phenomena suggest different behavior of
the bacterial strains used in relation to the mech-
anism of the "inhibition".
SUMMARY
— Growth of Monosporium apiospermum is shown
to be inhibited in vitro by micrococci. Further, in
vitro tests were made to study the nature of the
inhibitory influence exerted by micrococci upon
monosporium. Local crowding out of mono-
sporium by micrococci does not seem to be a
satisfactory explanation and filtrates of live (cul-
TABLE 1
The Influence of Micrococces pyo genes var. albus
and aureus on the growth of Monosporium
apiospermum
Micrococcus Pyogenes
var. Albus
Medium : : An-haem.coag.
neg.
Micrococcus
Pyogenes var.
Aureus
Ilaem. haern.
coag. Coag.
neg.
+
B.H.I. agar
(0.2% glu-
cose)
B.H.I. agar
(1% glucose).
0.1% glucose-
agar
0.5% glucose-
agar
1% glucose-
agar
1.5% glucose-
agar
2% glucose-
agar
1% glucose-
agar, 1%
pepton
++
inhibition.
slight inhibition.
— = no inhibition.
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ture filtrate) or previously killed (AB-filtrate)
micrococci were inactive in this respect. Non-
hemolytic Micrococcus pyo genes var. albus and
hemolytic Microeoccus pyo genes var. aureus had
identical effects upon the extent of surface growth
of monosporium cultures but the type of growth
was influenced differently. Monosporium apio-
spermum cultured on media with Micrococcus
pyo genes var. aureus developed thinner mycelia
with an increased number of spores. With graded
concentrations of micrococci in the medium, the
inhibition of growth of monosporium inoculated
on such media was correlated with the bacterial
concentration. This was demonstrated both with
glucose and B.H.I. agar. Difference occurred,
however, when spores of Monosporium apios per-
mum had been mixed with the medium and the
micrococcial suspensions inoculated upon the
medium. In the case of glucose agar the growth
of monosporium was inhibited in a zone along the
micrococcus colonies, whereas this zone of in-
hibition was absent on B.H.I. agar.
Further experiments showed a relation between
the glucose content of the medium and the in-
hibition phenomena using bouillon agar. Peptone
prevents the inhibition in the case of Micrococcus
pyo genes var. aureus as does brain-heart extract
in both strains. A difference in behavior in rela-
tion to these inhibition phenomena seemed to be
dependent on specific properties of the strains.
From these observations it is concluded that
the inhibitory capacity of micrococci is deter-
mined partly by their concentration and individ-
ual properties of the strains and partly by the
composition of the medium and, specifically, the
glucose content of the medium in the case of
bouillon agar.
An important factor also, is the manner in
which the microorganisms are brought in, or to,
the medium. The possibility remains that sporula-
tion is inhibited more powerfully than the extent
to which the culture grows on the surface of the
medium. This would seem to show once more that
growth of the fungus and spore formation may be
dependent on different environmental factors. As
the skin can be considered to be a medium poor in
glucose and rich in proteins, no inhibitory effect
can be expected from bacteria on this fungus
under in rico circumstances.
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